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This application claims priority from, and incorporates by reference the 
entire disclosures of, Japanese Patent Application No. P2000-027201, filed on January 
31,2000. 



BACKGROUND OF THE INVENTION 
The present invention relates to a storage system for storing a data issued 
from a host system, more particularly to a storage controlling apparatus in the storage 
system connected to the host system via a fiber channel. 

15 Preferably, computer systems should be prevented from every unexpected 

error to occur therein. In case such an unexpected error occurs in a computer system, it is 
more important to recover the system as quickly as possible than locating the error and 
finding the error cause so as to take countermeasures for the detected error. In particular, 
in case an error occurs in a storage system, the storage system must be recovered from the 

20 error before such a host system as a computer detects the error. Once the host system 
detects the error before the error recovery, the whole system might possibly be down 
(system down). 

Such a controlling apparatus for a storage system is often configured as 
dual system consisting of a current controller and a standby controller so as to recover 

25 from errors quickly. When one controller is driven as a current controller and the other is 
driven as a standby controller such way, control is passed to the standby controller in case 
an error occurs in the current one. A quick error recovery is thus expected. 
Conventionally, data security has been improved by the technique. In this case, passing 
control to the standby controller causes the port information (WWN, port ID, etc.) of the 

30 error-detected controller to be passed to the standby controller, thereby the controller 
switching is done while the host system does not recognize the switching. 
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According to the conventional technique, even when the host system 
(computer) detects such a storage system error, the error-detected controller is switched to 
the standby one with use of a path switching program provided for the host system. 

SUMMARY OF THE INVENTION 

As computer systems are getting expanded in scale, improved in 
processing speed, as well as data to be processed in those computers is getting expanded 
in capacity significantly, storage systems have also been required to be improved 
significantly in performance, reliability, and availability so as to cope with the operations 
of such enhanced computer systems. 

The conventional technique, however, has been confronted with a problem 
that the standby controller of the dual storage controlling apparatus has been actually kept 
in the standby state, since there is very few occasions in which a storage system error 
occurs. In case a computer system, which is provided with such an idle (standby) 
controller, is operated in the steady state, the storage system operation efficiency is 
reduced to just a half, while it is provided with two controllers that are high in 
performance, reliability, and availability respectively. This is why the computer systems 
have come to require a method for making it possible to use both of such dualized 
controllers in steady operations and switching the current controller to the standby 
controller in case an error occurs in the current controller. 

Under such circumstances, it is an object of the present invention to enable 
all the components of a dual system to be used efficiently without using any program for 
switching the path to the host system so as to control both of the current controller and the 
standby controller equally and continue the operation with the standby controller even 
when an error occurs in the current controller. 

In order to achieve the above object, the storage controlling apparatus of 
the present invention is provided with a plurality of controllers, each having a plurality of 
ports for controlling a bus protocol for the communication between the host system and 
itself respectively independently of others, as well as with a function for enabling each 
port information to be shared among those controllers and disconnecting a self-port from 
the loop in case an error is detected in a self-controller and in the self-port; a function for 
detecting an error occurred in another controller and in another port; a function for 
disconnecting another port from the loop; a function for connecting the self-port to the 



loop; a function for detecting the recovery of an error-occurred component; a function for 
disconnecting the self-port from the loop after detecting the recovery of an error-occurred 
site; and a function for connecting the error-occurred component to the loop after the 
recovery. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
A preferred form of the present invention is illustrated in the 
accompanying drawings in which: 

Fig. 1 is an overall block diagram of the first embodiment of the present 

10 invention; 

Fig. 2 is a concept chart of the data in a cache; 

Fig.3 is a flowchart of the error processings by a controller (or a host I/F 
controller 3010); 

Fig.4 is a flowchart of the error processings of a controller (or a host I/F 
15 controller 3010); and 

Fig. 5 is a flowchart of the error recovery processings of a controller (or a 
host I/F controller 3010). 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
20 Hereunder, the first embodiment of the present invention will be described 

with reference to the accompanying drawings. 

The configuration of the storage controlling apparatus in this first 
embodiment is just an example; the configuration may be varied freely without departing 
from the spirit of the present invention. 
25 Fig. 1 is a block diagram of the storage controlling apparatus of the present 

invention applied to a disk array apparatus. 

In Fig.l, reference numerals 1001 and 1002 denote host computers 
employed as central processing units (CPU) for processing data. Reference numeral 2000 
denotes a disk array apparatus connected to each of the host computers 1001 and 1002 via 
30 a fiber channel bus respectively. 

The disk array apparatus 2000 is configured by controllers (dual 
configuration) 3000 and 4000 and a disk unit group 5000 for storing data received from 
the host computers. The disk unit group is often configured as a disk array. 
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The controller 3000/4000 is configured by host I/F controllers 3010 and 



3020/4010 and 4020 for controlling the protocol of the communication with the host 
computers 1001 and 1002; a data transfer controller 3300/4300 for transferring data; a 
non-volatile cache (hereinafter, to be referred to just the cache) 3400/4400 for temporarily 
5 storing data to be transferred from the disk unit group 5000; and a DRV I/F controller 
3500/4500 for controlling the protocol of the communication with the disk unit group 



3000/4000 and the I/F controller of another controller, from which the host I/F controller 
10 can be disconnected from the loop. 



host I/F controller 4010 is set as the current controller. In the same way, the host I/F 
controllers 3020 and 4020 can be changed to each other. The host I/F controller 4020 is 
15 set as the current controller for the host computer 1002 and the host I/F controller 3020 is 
set as a standby controller. However, the current and standby setting is just an example; it 
may be changed freely, of course. 



1001 via a fiber channel loop 6000 respectively. When in a normal operation, the host I/F 
20 controller 3010 is connected to the loop 6000 while the host I/F controller 4010 stands by 
and it is not connected to the loop 6000. While just an example of a private loop is 
described here, the present invention is not limited only to the fiber channel connection 
form. For example, the connection form may be point-to-point connection and 
connection via a fabric unit. 
25 In the same way, the host I/F controllers 3020 and 4020 are connected to 

the host computer 1002 via a fiber channel loop 7000 respectively. When in a normal 
operation, the host I/F controller 4020 is connected to the loop 7000 while the host I/F 
controller 3020 stands by and it is not connected to the loop 7000. 



5000. 



A leased line 2100/2200/2300/2400 is laid between the controller 



The host I/F controllers 3010 and 4010 can be changed to each other. In 
this first embodiment, the host I/F controller 3010 is set as a standby controller and the 



The host I/F controllers 3010 and 4010 are connected to the host computer 




Next, the data in the cache 3400/4400 will be described with reference to 

Fig.2. 

The cache 3400/4400 is divided into a data area 3410/4410 for storing 
data; an inter-controller communication area 3420/4420 used for the communication 
5 between the controllers 6000 and 7000; and an I/F information area 3430/4430 for storing 
host I/F control information (WWN, port ID, etc.). 

The cache 3400/4400 can read/write data from/in the cache of the self- 
controller 3000/4000 via the data transfer controller 3300/4300, as well as from/in the 
cache 4400/3400 of the other controller 4000/3000. 

10 When data is written in the other controller 4000/3000, the fact is reported 

to the other controller 4000/3000 via the communication line 2500/2600. This reporting 
may be done without using the communication line; it may be done as periodical polling 
from the other controller. 

The I/F information area 3430/4430 has an area for each of the host I/F 

15 controllers 3010, 3020, 4010, and 4020. The controller 3000/4000 keeps writing of the 
latest I/F information in both of the caches 3400 and 4400 in a duplicated wiring manner. 

Next, a description will be made for the I/O processing from the host 
computer 1001/1002 in a disk subsystem with reference to Fig.l. At first, the I/O 
processing from the host computer 1001 will be described. 

20 When an I/O request is issued from the host computer 1001, the host I/F 

controller 3010 connected to the loop 6000 receives the I/O request and the controller 
3000 executes the requested I/O processing. In case the request issued from the host 
computer 1001 is a read request, the controller 3000 reads the requested data from the 
disk unit group 5000 via the DRV I/F controller 3500 and the data transfer controller 

25 3300, then stores the data in the cache 3400. The cache 3400 then transfers the data to the 
host computer 1001 via the data transfer controller 3300 and the host I/F controller 3010. 

In case the request issued from the host computer 1001 is a write request, 
the controller 3000 writes the requested data in the cache 3400 via the host I/F controller 
3010 and the data transfer controller 3300. At this time, the data transfer controller 3300 

30 also writes the data in the cache 4400 in a duplicated writing manner. The controller 

3000 then writes the data in the disk unit group via the data transfer controller 3300 and 
the DRV I/F controller 3500. 
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Next, the I/O processing requested from the host computer 1002 will be 

described. 

When an I/O request is issued from the host computer 1002, the host I/F 
controller 4020 connected to the loop 7000 receives the I/O request and the controller 
5 4000 executes the requested I/O processing. Both of the read and write processings are 
the same as those carried out by the controller 3000 described above. Because the current 
host I/F controller is set so as to be shared by both of the controllers 3000 and 4000 as 
described above, both of the controllers 3000 and 4000 can be operated when in a normal 
operation. Thus, this method can bring out the performance of those two controllers, 
10 thereby the performance of the apparatus will become almost double that of the 

conventional technique that makes one of the two controllers stand by when in a normal 
operation. 

Next, a description will be made for the error processings to be carried out 
when an error occurs in the controller 3000 or in the host I/F controller 3010 with 
15 reference to Figs. 3 and 4. 

At first, a description will be made for the error processings to be carried 
out for an error detected in the controller 3000 with reference to Fig.3. 

The controller 3000, when detecting an error in itself or in the host I/F 
controller 3010, disconnects the host I/F controller 3010 from the loop, then writes the 
20 error information in the inter-controller communication area 4420 via the data transfer 
controller 3300, then reports the error of the host I/F controller 3010 to the controller 
4000. Receiving the error report, the controller 4000 obtains the I/F information of the 
I/F controller 3010 from the I/F information area 4430 and starts up the host I/F controller 
4010 that has stood by with use of the information so as to be connected to the loop 6000. 
25 Next, a description will be made for an error processing to be carried out for an error 
detected by the controller 4000 in the controller 3000 or the I/F controller 3010 with 
reference to Fig.4. 

The controller 4000, when detecting an error in the controller 3000 or in 
the host I/F controller 3010, disconnects the host I/F controller 3010 from the loop 6000 
30 via a leased line 2100. Then, the controller 4000 obtains the I/F information of the I/F 
controller 3010 from the I/F information area 4430 and starts up the host I/F controller 
4010 that has stood by with use of the information so as to be connected to the loop 6000. 



Such way, even after an error is detected, the host I/F controller 3010 can 
be switched to the standby one 4010. Because of using the information (WWN, port ID, 
etc.) of the host I/F controller 3010, the host computer 1001 can continue the subject I/O 
processing without knowing the switching from the current host I/F controller to the 
5 standby one 4010 at all. Consequently, there is no need to provide any host controller 
with a path switching middleware component. Because this path switching middleware 
component is usually expensive, the present invention is also effective to reduce the 
system build-up cost. 

Next, a description will be made for the processings to be carried out when 

10 the controller 3000 or the host I/F controller 3010 is recovered from an error. 

' The controller 3000, when recovered from an error, writes the recovery 

information in the inter-controller communication area 4420 via the data transfer 
controller 3300 and reports the recovery of the host I/F controller 3010 to the controller 
4000. Receiving the recovery information, the controller 4000 disconnects the host I/F 

1 5 controller 4010 from the loop 6000, then reports the completed disconnection to the 

controller 3000 via the inter-controller communication area 3420. Receiving this report, 
the controller 3000 obtains the I/F information of the host I/F controller 4010 from the I/F 
information area 3430 and starts up the host I/F controller 3010 that has stood by so as to 
connect the controller 3010 to the loop 6000. The controller then exits the recovery 

20 processing. 

Because the I/F information of the host I/F controller 4010 is used even for 
the recovery processing, the host computer can complete the recovery processing and 
restore the two controllers to their operations without knowing it at all. 

While the host I/F controller 3010 is connected to the loop 6000 
25 immediately after it is recovered from an error in this first embodiment, the error recovery 
may be done at any user-specified time or it may be done when the system is started up 
next time. The error recovery time may be selected by the user, of course. 

According to the present invention, the storage controlling apparatus is 
provided with a plurality of controllers, each having a plurality of ports for controlling a 
30 bus protocol for the communication between each host computer and itself. When in a 
normal operation, both of the controllers can be operated. When compared with a 
conventional technique that uses one controller as the current one and the other as the 
standby one, therefore, the present invention can bring out the performance of those two 
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controllers, thereby improving the performance of the apparatus up to almost double that 
of the conventional technique. 

Furthermore, in case an error occurs in one controller, the error-detected 
controller can be switched to the other normal controller so as to continue the processing, 
5 thereby the reliability of the apparatus is more improved. The present invention also 
enables the path to be switched to another without using any path switching middleware 
component at the host controller side. Because the middleware component is usually 
expensive, the present invention is also effective to reduce the system build-up cost. 

The foregoing invention has been described in terms of preferred 
10 embodiments. However, those skilled, in the art will recognize that many variations of 
such embodiments exist. Such variations are intended to be within the scope of the 
present invention and the appended claims. 

The preceding has been a description of the preferred embodiment of the 
invention. It will be appreciated that deviations and modifications can be made without 
15 departing from the scope of the invention, which is defined by the appended claims. 



